Neuronal ceroid lipofuscinoses (NCL) are a group of incurable lysosomal storage 40 disorders characterized by neurodegeneration and accumulation of lipopigments 41 mainly within the neurons. We studied two littermate Chihuahua dogs presenting with 42 progressive signs of blindness, ataxia, pacing and cognitive impairment from the age 43 of one year old. Due to worsening of clinical signs, both dogs were euthanized at 44 
alignment and variant calling against the canine reference genome, variants were 48 identified in the coding region or splicing regions of four previously known NCL 49
genes (CLN6, ARSG, CLN2=TPP1 and CLN7=MFSD8). Subsequent segregation 50
analysis within the family (two affected dogs, both parents and three relatives) 51 identified MFSD8:p.Phe282Leufs13* as the causal mutation, which had previously 52 been identified in one Chinese crested dog with no available ancestries. Due to the 53 similarities of the clinical signs and histopathological changes with the human form of 54 the disease, we propose that the Chihuahua dog could be a good animal model of 55 CLN7 disease. 56 57 58
SIGNIFICANCE STATEMENT 59
NCL are a group of incurable lysosomal storage disorders unified by similar 60 histopathological changes. Although mutations in 13 genes coding for functionally 61 distinct proteins have been identified, the pathophysiology of these diseases is still 62 poorly understood. Naturally occurring large animal models have had an invaluable 63 contribution to better understand the pathophysiology and therapeutic options of some 64 forms of NCL. CLN7 is a poorly characterized form, and this could be due to a lack 65 of animal models that closely reproduce the human phenotype. We identified 66
Chihuahua dogs with a genetic mutation causing CLN7 disease, which could 67
represent an excellent animal model. 68
INTRODUCTION 70
Neuronal Ceroid Lipofuscinoses (NCL) are a heterogeneous group of inherited 71 previously described (Katz et al., 2005b) . Immunostaining was performed using 145 antibodies directed against glial fibrillary acid protein (GFAP) and lysosomal-146 associated membrane protein 1 (LAMP-1) (see Table I for details of antibodies used). 147 148
Family analysis -Ethical statement 149
The breeder of the affected dogs was contacted and agreed to provide DNA samples 150 in the form of cheek swabs from the parents of the dogs and from related family 151 members (Fig. 1) Following PCR amplification (see Table II for mutation location and primers used), 175 the PCR products were purified using ExoSAP-IT (USB), before direct Sanger 176 sequencing of both strands using BigDye Terminator v.3.1 chemistry v.3.1 (Applied 177 Biosystems) and an ABI 3730XL Genetic Analyzer (Applied Biosystems). 
Histopathological features 214
On gross examination of the brain, a moderate and symmetrical dilation of the lateral 215 ventricles was noted, associated with a thin cortex. Histopathological examination 216 demonstrated widespread amorphous to globular, eosinophilic to golden-brown, 217 intracytoplasmic storage material within neurons and astrocytes within the cerebral 218 cortex, basal ganglia, hippocampus, thalamus, brainstem and cerebellum ( Fig. 2 and  219 3). All storage material within astrocytes and neurons stained variably magenta with 220
Periodic Acid-Schiff (PAS), variably positive with Sudan blue and intensively 221 positive with Luxol fast blue ( Fig. 2C and D) . When viewed under a microscope 222 equipped for epifluorescence illumination, as previously described (Katz et al., 223 2005b), inclusion material fluoresced brightly (Fig. 2E) . In the cortical grey matter 224 neuronal necrosis was absent but neuronal density was reduced and remnant laminar 225 neurons were disarrayed, and associated with an increased number of reactive 226 astrocytes and activated microglia. Within the cerebellum, Purkinje cells contained 227 abundant intracytoplasmic storage material. There was some disorganization and a 228 subjectively moderate decrease in the number of Purkinje cells, and several of the 229 remaining Purkinje cells showed a mildly shrunken with hypereosinophilic cytoplasm 230 and pyknotic nuclei (degeneration). Granular layer neurons were markedly reduced in 231 density (Fig. 3) . Neurons within the pyramidal layer of the hippocampus contained 232 abundant intracytoplasmic storage but were present in normal numbers. 233
Immunohistochemical staining confirmed the marked neuroinflammation with a high 234 number of GFAP-positive astrocytes (Fig. 2G) . Moreover, the tissue showed strong 235 staining against LAMP-1 (lysosomal-associated membrane protein 1), indicative of 236 alterations in this protein of the lysosome membrane (Fig. 2F) . Finally, ganglion cells 237 within the retina were markedly reduced in number and when present contained 238 abundant intracytoplasmic storage material (Fig. 2I) . Storage material was also found 239 in the duodenum, liver and heart using PAS staining and immunohistochemistry 240 against LAMP-1. 241
Based on these characteristics, NCL was diagnosed. NCL is a heterogeneous group of 242 diseases, and further characterization involves ultrastructural analysis of the storage 243 material. EM showed a complex multilamellar profile with presence of curvilinear 244 and rectilinear profiles (Fig. 2H) .
with affected dogs being homozygous for the mutation, both clinically unaffected 253 parents heterozygous for the mutation and clinically unaffected relatives either 254 heterozygous for the mutation or homozygous for the wild-type allele (Fig. 4) . This 255 mutation is predicted to result in a severely truncated protein, which further supports 256 this to be the causal mutation. 257
258

DISCUSSION 259
In this study, we describe a family of dogs diagnosed with a mutation in MFSD8 260 (CLN7) resulting in neuronal ceroid lipofuscinosis. The mutation is predicted to 261 induce a frame shift leading to a premature stop codon. 262
The two littermates were monitored for clinical signs of degenerative brain disease, 263 mainly for the development of blindness, ataxia and cognitive impairment. 
